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( 

1 

nX'h "C. A u r ilW-c: L /-^ A u - S n - N i A-^T 
') , N i ^JfflJiitt:// 1 . 3u,i%W± 1 Owt%*flT(?> 

[ li* jfi 2 ] Huiax i c7)ffl^i:*>' 2 . 5 wt ?oa±vh 

[fliliJBS ] MieN i iOffiBittt*^' 2wt%I;i± 5wt?oU 
[ti*3B4] fiJieAu-S n-N i^^ii, Au 

[li*lS5 ] ItJlBN i <7)ffiff*', 5 0 0 Ai-:a±t-J)^ 

Mt' J) I. ^ > ^ -r -6 If 4 xii 5 !cis©c7)mm 
[ti*Ji7] mrieAu-sn^^co^J?*^ 0 3- 

ffitlfct-iT, Au. Ni. Fe. C uiOt^fil*>«ftt4 

z b ^nm.b-t^imm 1 vjmsw ^-rix*^ i -^iciee 
[ts*ii 1 0 ] m^mi-iom&^m-hizm-^-riijm 

m^mmzs i«, ioctL'^'S n$r^t•i5:^/-i^€r-efl^■ 
mla^±^fil^JlI^!l^MiLTl}lledN i t s n*:fij4tii;ftic 

$ ^ , H"iid^C5^# r Hij5d«f:} jv-^ ^> 1 1- we^ 
[ sfi;Rj0 12] irr.^dN i )^ ^ s 0 0 xLi hcrmmic: 



2) ^^f#!f 8- 1 8 1 3 9 2 

2 

[li*i|i-i] ^l^]Jdii^/■^'(8^. o. 3-3/«mc7)iK 
('/-r-ffM'l-^ - >: "tV^'^kb-i-htmn. 1 0 Jb^ 1 3c7)t-i 

[ 1 5 ] mt\iUm ^ . A u ^ h L A 

u - S n - N i -^-^-C'ff^E^L , HiJld^i^/■iS«1I[I#(li$M 
(c J: 0 N \f? \ . 1 Owt^-^^ il/:; A u - S 

n - N i ^±^i^i^-thz.b^W'^b-thmi^^A on 

imiZti\,'iX. Au, Ni. Fe. C ucr)\.^-frit^n 

m 1 0 1 5 i -:>iztm<^v.^M'f^iu^ 

[%B|5col¥ffl=5:l^9fl] 
[0001] 

20 [^^£OflJffl*»] *f«?-^iO 
[0002] 

[M^ioliffi] f;^*. 4iai(2^ix— tf■|^^^sfco^2Sfr*-7• 
C7)at}a±^7^ift^tt-5^i^, Au-Sn, Pb-Sn 

0 O/^mXfStl 0 0/imX\ M/Pfc LXWil 0 um 

30 ia-h*''^£:^x-*-i>. 

[0003 ] ^COfzisb. \±A,tzmti'^-Ji!mV}±c^m.b^j: 

/^;^'^4i-tS = z.cr)^m.^m^-t^ i^iob LX , #P3BS5 
9- 1 7 8 7 3 6-^^$gtC^-tl>£0*iJ)S. .icT^tcTJX- 

t£ojip.*i§(t. mmiA.tsx'<^^m^^'^x\'^i>. t 

40 , ^mW- 6-696 08 -§-i>$fzH |sI«coeri755.-^^P 
[0004] 

h ■-^i'JUiM b im^M^ . Z^'W-llz L A'IgiifeS ^i. 
. 4-^"J1(i l-.nd^lIl-iJgA?'- t^cOT. |-'/K.-fgtt- 

50 [000 ?] 
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fz , G a A s MW.:^^ i > -^mt IX , * i 0 A u 

t G e n-^±i,z N i , A u 5- m/M I A: t « ( UT , 1 
ftiOSiS^-Au-Ge . N i Xncnl ->{Z^.'i-) 

c $^iN i SIJ¥(i 2 0 0 AmS-C-fSffl 
■^1'^?=, ■150%^, X i;3;AuiOfif;it?rP5<VNU-V-l: 
WcLxm^^tiXv^^.. ^-iX. zcr,hcni:m^\ S 

[0006] Lt- LtcfJ^ , N i A u *>£3;^/■i«^' 

[0007] tfz. ^w\^-^m=F-(nm^i,z'^rznx 
■ci^a^^^^L/^fc;^, mi^-t^Xoiz, ^i^rzmb 

IX Au- S n^i^/c?:fflU/^^^•^. N i ;6'Au - S n 
Ht^KiScL, Au ~S n-N i-^^5rft^*), S-&;SS5r 

[0008] ^^mi±UmM^ t, i: $ ^x?^^ i> (OX 

\:Z%mcowni,zi5^^x\t. m%m=f < 1-9 ) comm 

( 9 ) ^S^3 (21) {Z^^^-th^^^m^ (12) T-ft 
, A u L/^A u - S n - N i -^^-r'* 0 , 

N i (r)%MJ±f^ 1 . 3u.t%lilJi 1 0wt%*ilt-*)-g> ' 
^Wm.t.LX^^h. 

[0009] tm^ 2 (lide^o^BjT-ii , m~^m i (-le 

2 . 5 v.t%\:}±X'h hz'c^ nm> Lx ^^h. imm s 
(zniik^^mx'ii. mmi i.zsmir>w.^m^c^ii^^ 

r J) ^ ; > 2: > L T V . s , tmm 4 iziiWL<^^mx- 

t± , 5t;}<Jl 1 7^:-p. 3 ^i'ixt^ 1 '2(;ifia<^^m*-?^7) 

Jg-^f-^Mt^Jil- . BtridA u - S n - N i ^^(i, A u 
?-t.f*>: L/-^Au S n i^-^: ( 1 1) >: N i ( 1 0 ) S'j 

[0010] 5W;KiI'5UidKi^J«'r: i i> l icid 

i%^i^^\Ji^ fcm^m^i-h^^x . fisdN 

5 0 0 AiU hH'iS .1 > > L T t > ^. - 2k:k^ b (I 



-■5 ) ^tlS]f8- 1 8 1 39 2 

4 

f^^-C-^ ^It^^mtlX^^l.. 7 HidKi^J^ 

Bij-C'fi: , If 5 JV^t-: 6 :r)\, 1 ol:idt!i^«m* 

^;7)|#f5-ttMi3^ii, >-c , miA u - S n 
0. 3-3 MmX'f^^lti^mtlX^^^. 
[001 1 ] If ;}iia8 (:ld«JOftai]-r-ii, IB^Jjfl 1 J"]^ 
7 c7) I ^-f 1 oHldaiomSv*^ j£(-^i t > 
X. Mi^-hii. mlim^m^f/^^^ti^mizti\.^ 

-r. Au, Ni. Fe, C u «t^-ril*^1^t4^iS».''"? 

[00 12] it*3Si otcid»<7)%BJ1i;fcoTii, 
( 1-9 ) comm. ( 9 ) (2 1) nM^-r^ 

^rS;(ifcv^-C, f>rld«StcN i « (1 0 ) ^m^t. z 
i^K iS_h(ISn^•irt^{±^7'f/i (11) ^rffiS^gJ* 

^3^zm^^^zb^^mtLx^^l. 
[0013] m^m 1 1 (cid«jco^Bflt-*3t^-cii:- mm 

20 ( I - 9 ) comm ( 9 ) $r^^J (21) (ifS^T ^ 

:^ffi(iioi^T. frldttS^N 1/1(10), axtfs n 
^-^tj■^i^/i/■ (11) ^-fii^ti^fKL, mmiA^fz 

m^tv^Mmixmir^ 1 1 s n ^ffls^is^-ti-, Mid 

m^m^^m%iMi^i,z^s-^-i-?>zt^nwit lt^^s, 

[0014] 1 2 (Cld«<^%Bfl-C'ii- fi*« 1 0 

xiii nzimcomMM'f-com^-nmiizti^^x. fridN 

i Jl$: 5 0 0 AIiLhi73Mi5(;-cm-t^ Z b ^'mLt L 
tv^^. fW*iIl 3md«<7)*0Bt'ii. llJRiai OP)^ 

1 2c7)i^-rix*^i'5(ifam«fl:s\#^^<7)tg-&*st^*3v^ 

[0015] fi^ii 1 4t;fdaw%Bfl-cii, 1 0 
fct^T, l^rie^±^?t'ii?^, o. 3-3;umc7)mJlt-JBit 

(i. ilJRJil 07b:£l -l :r,K ^^ti^ i -jl,z=m<^mM.m 

f-coi^-^i^mzii^^x . m^m^fzm^. au$-±i*c 

1 7^,; A u - S n - N 1 ^^X'BfS. L , flid^5:^^iB^^^)D 
^^f^atcj; n N i . 3wt.':'6^^^> 1 Owt%i^ttlfzA 
40 u-Sn-N i-^^$:fM-rSr >^^^i Ltv^Se 

[0016] 1 6i,zu&.^^^nx'is., immi 0 

I >x , All , i\ I , (• , I.. 11 c/jv 1 ?'iL£i t'j$: rTiv ' 
■Zfm^iifz{,(r)X-h?,Zt?:Wi&c LX^^l. 2^:m 

1 7(-id«ii'>WJi':-!i- if^iffi o?3i-:i G^nvfii/,. 

1 'v(j.idi£^ts:^,\^- i^ii^H&zi-i^ . mi3d^:i\# 
[0017] ■^s:i^. VAtti -r-H-\^)'^°\i. Wx^'h^ 
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( 1 1 

[0 0 18] 

It^«f4r . A II ri(4i > L/^ A u - S n - N i ft 
-A-:-, N i ^)miiti 1 . 3iv-t"bW±l Owt%:*jl>; I 

[0 0 19] mz, m^m2izBm(r>^mizxhi£. n 

1 com^^ 2 . 5 u.t%tJJi > L T I. ^-g. , S5e LV-c 
»50%Bj5(i J: fLif . X i cOffll^t^ 2 wt %m± 5 wt %m 10 

m^m5izim<n^mi.zi:tni, ^icr>m9-i:5 

0 0 A],:JLhi; L-C>.->l>*>^>. < "Ti. - i;*^' 

[00 20] tfz. f**iB6tcffitt<7)%0JlcJ:ritf , (i 

< -r ; h Jii-'t' s -I) . ^ - ii^ia 7 tcie«io?£0fl i ^ 20 

[00 2 1 ] li^ii 1 0 1 7 i,zim<om-^:tTm<^?i 
Bfltifcv>Ti±. m.fm'T-coMmizyi I m . sn^^mt 

A.fzm ^fM L . ^ '^.tw ; *: Ssl LT S^tc 
(::, N iJ14a^0N i A^ii:^7^i;i^;tl^;tS[L. ii^^^ll43£73 

[00 22] 

immm] ar. ^^wn^^mi^i^-^i-zmmLfzmm 

mimmi:mffz h crjx-h h . -m')(,zmmz\i n m.<n 
mw.^^m-f^ c, mm'c Ltiia a a s - a 1 g a a 

s^, I nGa A s P- 1 n P?^. InGaP-TnG 
a A 1 P^.^'i:Wi^^h.lcf?X'^h, Xt^'^i-v/HS 

(MBE : molecular beanepitaxy ) . ^tS^gmffl 40 
Xt°:?^i^ (MOCVl) : metal organic chemical vapa 
oriiepositim ) If ^ffluS >! h A'T ?; ^ . itSttHcL 

[ 0 0 2 3 ] P] U: . L- r-^)*^l?H[5fI^ 'i^ 

t. u GaAs^l \:{Z^ II Cm\ :\^><-/-7 rW\ 

2 . n A 1 (i a A s 7 ^ F/R 3 , A 1 Cf a A s (i 
riAs^?*.?. t'jt H'fS3£^'ot'^o<,';tt..¥|.l. P A I (J 
aAs ^'7-/ K,1^5 , p G a As,f?(■,r.'!Si::fJ^fM^^l- 
'C^JO , iiW.ia i - p Ga A s^uii/-»f4>;(^>f^)j5c:5 50 



WlwIf S- 1 cS 1 3 9 2 

6 

rL-:n-S>, n-A 1 Ga As 7^ ■■/ Ma3iiCi;X 

■»f ^i^) his , i6^*K 7 t^M ^^LX r^.ric ? ii , I 

I., 

[0 0 24 ] liOpi-MSii. €-f t'-ABff , 

Mfl:S8i: L-Cti. Au-Zn/Au, Cr/Au, M 
o /A u . T i P t , A u ^^'c^m^-^h Z. >tJX-^ h 

ix\i^<r,MPiX' ^=fcvv. n-GaAsS^l cn^{z 
ii, Au-Ge*»ib5:SnM«S (Tg|51:li) 9t'^^ 

[00 25] iilS^Oj; ^ i.zmwL^ixtz'^mwx^—^m^ 
z(nu^-}imz'jv^xm?n-th. m\\z9^^-t 

^^W.V-^mi-'^. m2iZ^.th-}--^y9 2lcr>± 

izmm^'d:. nmmt-t^. ztiin^2 2X'^^-t, 
zcr>^^ Tm<r>^^iy-'fm^c^pmmm±i>z±.m 

[0 0 2 6] t-hi^y^ 2 1 (iCu. F e^A^o^:-' 
Xt3 0 . ^ffiliN i . Aum(r>m&^cr)^\,^^m:b^J< "/ 

^xiiMM, x^^ y9m^^}ii>zxK)m^ifix\,-^i. m 

h'^yp 2 inzm^±if^. -rc^t^. ^-/rcom 
ii«Sfy-fe-/ h^fflv\ zttt^h-^ummzms.^ 

tLxmiili^ CO A^a^ltSS: tb L ^ I. ^(DXmt L^K 
[0027] b-hi-y^' 2 1 J:t2«;^±(f ^.ilJ^^^^ 

tifj±t^j:^^j:di.zm'&L. ^Hi^miMLmtc yx'tm-t 

[0028] _hieL^^r^ Ycryd:.\.Z\i'^%^V-^ 

|g>5:Au , V\.^<r)V^^—2 3X^^y^ ^ y^'-t 

^oy\^. ■im^z\lj^iXi]ynK^'ri^^'^-~^^\--'f 
tf0^fi£i5bh . hid n?!«f^9 . N i /a 1 0 . ti 
Um 1 1 c^)rJl5)coi; L^t - h V > 7 2 1 ^sOtgjVtCO 

[ 0 0 2 9 ] II G a A s itte 1 :7)S(6][IfM^?iL<i ii 
?y:C:f}?9!i, ^'.Ef^i^rr^faSti-^^Ji^. Au Z 

n All, Cr. Aii.Ti Ft. An, An (ic 
N i All. All Sii Au^?^^-,Iii.o:7:)&fitM^ 
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ft5EiOJy.$ (C-C n - G a A s SIK 1 iOSffllCffM-f-?. . 

[0030] -.xiz. x i M 1 0 *'r.iI«^::^-i£-r-n?&!'^£S 

^±U?fM-t^. m^'^X. liL-TAu-S 
n . I> b - S n S n ^ ^t'H±i S if^l 0 tfO±(C 

c'iX izlXimtfz^m9 , yi i M I 0. - Sn^r^t? 

1 1 N i . Au^c75:i:JS>< ■■/ 2 1 a ^rJfe 
U/-ct-hi>>7 2 1 H^-fr, JnE, JP^^r^Ti.''- 

/il 1 1 iimtX<%&-th ; h (c j; n ^t¥u-^m 
[00 3 1 ] ^i^fsnnuiAu - s n , au - s i . 

In, In-Pb. Pb-Sn, Au-Pb, Au-G 
e W^^^'^'^'Au-S n, P b - S n#(?) S n 2:#tffi 

A.fzt N i ^mmLX{iA,fzm-fiffd ztizx omn- 

mzAu-Sni:m^^fz^l,Z%m^hl. NillO 

iofSB(±. ^i^rz^tm&tm:sM^imz$yk^^lo 

l.z-ti,rs<j^-mmcr>m^lt . ii^/i«^3ffi;i{L•C^^ 
milco ftifl t; A u 5: ffl I ^ I) -I t < A u tJvSttm 

0 Jg^ t X d ^-1. (i^fia^c^£^gra;H^c t , =3 y ^ ^ n 
?) 0 . mzmtt^ A u i t"^' A u co-^^com-^^^x'^ 

[00 3 2] LTc7)N i c7)MJ¥t±'>=5: < 

1 1 2 0 0 k'Z^Xhh . ;aWTT'{±S«W^t ^ 
0. f<')\-^mc^^^'^^^fz^ti:^^. mAlZ. 0. 5 
mmxO. 5 mmCO n -G a A sS^t^Au -Ge 
5:1 0 00A^L, -f^OitCN i /Au - S n (Au 

t s n(±it|ias^icoi.co) ^mmLx%^L, wmuM 

^mMMi-.2\S, C 7 0 2 2 A- 1 0, ^ft^D, ii 
ijiiciEHl 0-2000HZ, im&2 OG. -^1^31^ 
[6]. B$^4 8*CO^f^ftf-o7:;„ ^fc. Au-Sni±^ 

[0033] N i H 1 0c7)^Jl//ff<^^^::l?g-o-Ctg« 
< t o ') - 1 0 0 0 AiilJit-ti^* 
(ir^A'^-t ^0 .^1 000 k\:Xk:X:\WM.^^zW^-bm 
iVZ. L-t.ofz^'^m.Xl^ ilU -hT'S> S i: h . ^ 
^JSA'2 0 0 At'<ii)|A>ix//4:L:. 
►^iit 't'"'^ S^^iSA'^S 0 0 g i\:XLhix\t\ 
'jtxz^m-h 0 ^5-Mfl*lttiit;Stt;ri4 /- ^ c i f^x^fz 

^, N i t 5 0 0 AW h >-^-?.-P(-5?A^i5& 

[ 0 0 3 4 ) , \±k,-rzm i i ^ttJfJi:^'^.;;")**^''"' ' 

X m^'Z^ . KiLftm 1 1 c7:)ffM('^ L .A.I s ti % 

^)pi ^:^Mm^mh\m L \mt?, z. t ^tK^z , i 



5) W#lf-8- 18 1392 

8 

^ > - ■min%i^^xir)tzlHz-^tti:<Xl.iti:'^'^^^~^, 
h I . [5] t; '^\%X'\irJi'<.iA.tzmWiUi.'^t^t-'^fz 0 . 

[0035] ^^-C', iiA/-iai 1 >LTAu-Sn. 
Pb-Sn, In. In-Pb,Au-Si,Au-P 

hm(r>-^±^w^^^i.zx 'm^-ra t ^m^Lfz. 
-f^^h'h. }M-^±imMm>Lfz^wPi'^^%m!$i^^z 

10 l^)\tA.fzmi \ i^W:t^t\^^h(r>xhh, 

X\ MWC'^fflB!c:Ri:(±. Physical Vapor Depositio 
n (PVD) ^h-^S^t'RlGSrHffl-tir-f , 

^^i^^^^ti\-\i. mwi±^z^mtihnm^mm 

fli'^KlSSrWfflLf^^^ffit LT, Chemical 
Vapor Deposition (CVD) 

20 ^-^^ jimKit'^^it^Km^m^-^xmmtt^'o, pvd 

[00 36] ;iOJ;o(iL-r, 1 ^^mh 

^c^MMEcomzx>oiw.nbms.itfym(^*'-i^^<^ 
30 KK. Kcti. m^b'-A^«. m.m\5mmm?:m^^fzi% 

■a- - ll« 5: i 5 > ^ f ^ T L g n ( i'lS^^f t fiJtitc^^ 
mi^s < , ^ it^-C wiMf4 Sr^.l^ LKc<Xh MMBi^z X 

fjmmt^^ikt^rzubmc^mmt^^^-^-^^mizm^j:^ z 
[00 37 ] itA.fzmttxfm'-^i^yh^mmLrzvt 

5l?c7){>£7)(cfcv.T!i, }^\^j:liA-fzl,zX?>mtmfy^m'c 

ix^trnt-xm-tz t t^h n ±\!if^<r)mf ttc^t^^ 
■3 hiicDX 0 ti , ^i.^fzm 1 1 ^n.m 

^mz ximm.t-t^ihizx') . ^^^sw,i:^7)^^fi^o 

[0038] ?>:t;, J-Jd(±^/"i^ 1 1 c^,W(l'3»'^Tat 

"iit & , I ± Ai^jFi ^%¥Mizx^^mmtt^-^i'c x-£- 

Wi-j. \\i^Ax/wz^yvs^ i^Lii'^- \ 'zyV^ aJl'^jX 'j 
iz-mit^v—^M I'-^mm^JP.-i'li^'^'.zli, l.iA.tz 
ff1i')I7:$7'/l7v >>: , liA-tzc^)li^lV,lizX 
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CO 0 3 9] [251;, 0. 5 mm -O. 5mmi0^^(^ 

-s . mm^mi 5 o o g f i.u±j)n«'3E5]-ic5ss*^$) o 

•C . ii^/•ill^oK)¥{i3 0 0 0 AW±#)ixiJ'j;^^, 

[004 0] iiA.fm(ri!f^imvmcommm^bmm 

, ^[e]^:c73iaj5EWiRa= 1 0 0 0 A^rffli^J'c. 

«*ffi^SRa = 5 0 0--2 5 0 0 A60t;C0*^'fflVi<^^I 
4, Xr-i^^^ffi^^fia^ 1 0 0 0 A^0^O*i'ffii?ix 
■Ci.^l>iO-C\ liA,tzm<nW-^\i'}'-t£< i: 3 0 0 0 Aiy 
±i2«T'*) 0, M^L<(i5000 AU±*U V V 
[004 1 1 (i^^t'il^^MiP!i^P< >5rS<5h'S&^«^J^*^' 

^ riiti >; ^ flRi' ^ixliLh^i*^ t^-g. i: ^ •/ 7' 
ii^i^^<^^t mMm\z\iA,fzt)H-i 1= , 4 /X m l:IJ: 
c7)^If(i3x!mUWJ:t\ 

[004 2] t^o-c. i^oKi¥*-o. 3-3 

( i'^t&m 1 ) n - G a A s S1R±(CG a A s / A 1 G a 

fz, ^iOS^. ¥zgf*l-— tf#i^*:3{ifi^L/^^, nSifl; 
g> A u 88i.:t°o-Gei*:t 1 2'?c>*: 1 0 0 0 AffM 
L , htCX i ^ 1 0 0 0 A . A n - S n 1 
;£ml5(t/-^, CC09#. An - Ge N i ii, H. B. M 

fz., ri»P^u—^'4-: t'i')-^^ x( j D u u •■ o u u ■ i i 
0;jni t Itz, t'- t^y< -7 ^ * ^ r'> 5^^111 hi- 

> 1:1^3^*^4-:?? J. I]um&^'i l 0X\ ^uFEia4( 

0 0 sT'4i%i'tj->fz,. -jiTiifzM mii^fzmi^m^ 

IhlL^x^. UAfSff'^ittm^No 1 > k.^if^-'tz . 1 
^ ■>r^Ef!^i*.lt 1 0- 200 0 M z , 2 0 Cr y c 



6 ) t-ffSI'FS- 1 8 1 3 9 2 

1 0 

LA^^- *^ -I JO ^-F-«?i*®-fS 5r > X r - -r X 5' 
--:«L/L-t^-^ 1 kg fl:Iiii^^S*-f#:^-:. 
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ABSTRACT: 

PURPOSE: To join a semiconductor element to a pedestral with a sufficient 
adhesion and a stable electric connection. 

CONSTITUTION: An Ni layer 10 and an Au-Sn solder layer 1 1 are formed on an 
N-type electrode 9 as the ohmic electrode of a semiconductor laser element. 
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The solder layer 1 1 is fused and bonded to a heat sink 21 plated with gold 21a. 
The thickness of the Ni layer 10 is 500&angst; or greater. At the time of 
fusion of the solder layer 1 1, Ni in the Ni layer 10 dif?uses in the solder 
layer 11, and Sn in the solder layer 1 1 diffuses in the Ni layer 10. As the 
result of mutual diffusion, the adhesion and the wettability can be improved. 
The composhion ratio of the Ni layer 10 is set higher than or equal to 1.3wt.% 
and lower than lOwt.% to the Au-Sn solder layer 1 1 . Thereby bonding is enabled 
at a low melting point and high bonding strength can be obtained. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
deunages caused by the use of this translation. 

1 This document has been translated bv computer So the translation may not rcilect the original precisely 
2. **♦* shows the word which can not be translated. 
3 In the drawings, any w ords are not translated. 



TECHNICAL FIELD 

[Industnal Application] this im-ention relates to the cementing material and the junction method of electric element which solder 
electric element, such as a semiconductor laser element, to a pedestal. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l .This document has been translated by computer. So the translation may not reflect the origmal precisely. 
2.**** shows ihc word which can not be translated 
3. In the draw ings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Descnption of the Invention] 
[0001] 

[Industnal Application] this invention relates to the cementing material and the junction method of electric element which solder 

electric element, such as a semiconductor laser element, to a pedestal. 

[0002] 

[Description of the Prior Art] When semiconductor devices, such as a semiconductor laser element, w ere conventionally soldered 
to pedestals, such as a gold-plated heat sink, and a stem, the circuit board, the forming pellet of eutectic solders, such as Au-Sn 
and Pb-Sn, was used. In the case of a formmg pellet, from the reasons of the production method and handling, it is 100 
micrometers of se\ eral 100 micrometerx numbers, and several 10 micrometers or more are required as thickness. 
[0003] For this reason, a solder layer serves as an amount more than required, a position gap arises or the marginal part which 
upheaved around the semiconductor device is formed. In the case of a semiconductor laser element, the problem that this eminent 
solder layer becomes the obstacle of a laser beam occurs. There is a thing showTi in JP,59-178736,A to solve this problem. In this 
thmg, the thm film of the barrier electrode which prevents golden diffusion, and the solder material containing gold is prepared on 
the golden electrode of a semiconductor laser element without a forming pellet, and mounting with thin film solder is performed. 
Moreover, the same technology also as JP,6-69608,A is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, even if it makes a solder layer into a thin film, since there are few amounts 
of solder, when the wettability of a solder layer and a component side is bad, it does not connect partially and there is a problem 
that sufficient connection resilience and low connection resistance are not obtained, this invention is what took the example by the 
above-mentioned problem, and it aims at joining a sermconductor device to a plinth so that sufficient bond strength and the stable 
electncal installation may be obtained. 
[0005] 

[Means for Solving the Problem] Sn and nickel were congenial and this invention person etc. noted formmg an intermetallic 
compound. As a drain electrode of a GaAs substrate, what carried out the laminating of nickel and the Au to the alloy of Au and 
germamum conventionally (this kind of notation is hereafter shown like Au-germanium/nickel/Au) is used. At this thing, if nickel 
thickness is thickened, it is supposed that contact resistance goes up and nickel thickness is used by about 200A. hi this case, 
mckel IS used as a barrier electrode which prevents diffusion of Au. Therefore, the vacuum evaporationo of the solder containmg 
Sn was carried out using this thing, and it tried to solder it to plinths, such as a heat sink. 

[0006] However, Au on nickel was spread in the solder layer, and the problem of reducing adhesion intensity and wettability 
occurred. Then, when this invention person etc. lost and soldered Au layer, wettability of solder is good and he came to be able to 
do by stabilizing powerful soldering of a bond strength. This is because the counter drffiision that nickel was spread in a solder 
laver and Sn in a solder layer was spread m nickel arose and adhesion intensity and wettability improved. 

[0007] Moreo\er, although the cementing material which makes virtual junction temperature low^ and mitigates the heat damage 
to a semiconductor laser element needed to be selected in junction of a semiconductor laser element, when many things were 
examined also about this point and Au-Sn solder was used as a solder layer so that it may mention later, nickel was able to be 
spread in the Au-Sn laver, was able to make the Au-Sn-nickel alloy, and was able to make virtual junction temperature low. 
[0008] this invention is made based on the above-mentioned examination, and the feature is a thing as indicated to the claim. 
Specifically, it is characterized by the following points. In invention according to claim 1 , it is the cementing material (12) which 
joins the electrode (9) of electric element ( 1 -9) to a pedestal (2 1 ), and it is the Au-Sn-nickel alloy which made Au the subject, and 
is characteri/cd by the composition ratio of nickel being less than [ more than l.3\\t%lO\\1% |. 

FAanoi T„ „„,.,,,-,i;T.r, t,> ^loii-n ~> it i<- (-h nnt,»rr7»»<t h\- thi> romrnisi tinn rntui of Above nirkel hoinp mnrc than 2 "5\\t% in 

1 w^.v^ I l.i 111 . .V. ... - . .--J 

the cementing material of electric element according to claim 1 In invention according to claim 3, it is characterized by the 
composition ratio of Above nickel being less than | more than 2\\1%5\\1% | in the cementing material of electric element 
according to claim 1 , In invention according to claim 4, the aforementioned Au-Sn-nickel alloy is characterized by heating the 
laminated structure of the Au-Sn alloy (11) which made Au the subject, and nickel (10). and being formed in the cementing 
material of a claim 1 or the electric element of any one publication of three 

|()010| In invention according to claim 5. thickness of Abo\e nickel is characterized by being 500A or more in the cementing 
material of electric element according to claim 4. In in\ ention according to claim 6. the aforementioned Au-Sn alloy is 
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characterized bv being phvsical gaseous-phase membrane formation m the cementmg material of electric element accordmg to 
claim 4 or 5. In mvention according to claim 7, thickness of the aforementioned Au-Sn alloy is characterized by being 0.3-3 
micrometers in the cementing material of a claim 5 or the electric element of any one publication of six. 

|001 1 1 In invention according to claim 8, the aforementioned pedestal is characterized by being constituted using the material of 
Au, nickel, Fe, or Cu in the field where the aforementioned electric element is joined in the junction method of a claim 1 or the 
electnc element anv one publication of se\ en. According to m\ ention according to claim 9, in the junction method of a claim 1 or 
the electric element anv one publication of eight, it is characterized by the aforementioned electric element being a semiconductor 
laser element. 

[0012] In invention according to claim 10, it is characterized by forming nickel layer (10) in the aforementioned electrode, 
forming the solder layer (11) containing Sn directly on this nickel layer, carrying out heating fusion of this solder layer, and 
joining the aforementioned electnc element to the aforementioned pedestal in the method of joming the electrode (9) of electric 
element (1-9) to a pedestal (21). 

[00 1 3] In m\-ention according to claim 1 1 , m the method of joining the electrode (9) of electric element ( 1 -9) to a pedestal (2 1 ), 
nickel layer (10) and the solder layer (11) containing Sn are formed in the aforementioned electrode, respectively, heating fusion 
of the aforementioned solder layer is carried out, counter diffusion of the above nickel and Sn is carried out, and it is characterized 
by joining the aforementioned electnc element to the aforementioned pedestal. 

[0014] hi invention accordmg to claim 1 2, it is charactenzed by forming the aforementioned nickel layer in thickness 500A or 
more in the junction method of electric element according to claim 10 or 1 1. In invention according to claim 13, it is characterized 
by forming the aforementioned solder layer by the physical vapor growth which makes an alloy the source of vacuum 
evaporationo in the junction method of a claim 10 or the electric element any one publication of 12. 

[0015] In imention according to claim 14, it is characterized by forming the aforementioned solder layer by 0.3-3-micrometer 
thickness in the junction method of a claim 10 or the electric element any one publication of 1 3. the Au-Sn-nickel alloy which 
made Au the subject for the aforementioned solder layer in invention according to claim 15 in the junction method of a claim 10 
or the electric element any one publication of 14 — forming — heating melting of the aforementioned solder layer — nickel — 
1 .3w1(s)% to 10wt(s)% ~ it is characterized by forming the contained Au-Sn-nickel alloy 

[0016] In invention according to claim 16, the aforementioned pedestal is characterized by being constituted using the material of 
Au, nickel, Fe, or Cu in the field where the aforementioned electric element is joined in the junction method of a claim 1 0 or the 
electric element any one publication of 1 5. In invention according to claim 1 7, it is characterized by the aforementioned electric 
element being a semiconductor laser element in the junction method of a claim 10 or the electric element any one publication of 
16. 

[0017] In addition, the sign in the above-mentioned parenthesis shows a correspondence relation with the concrete composition 

given in an example mentioned later. 

[0018] 

[Function and Effect of the Invention] According to invention according to claim 1 to 9, with the Au-Sn-mckel alloy which made 
Au the subject for the cementing material, since the composition ratio of nickel is made into less than [ more than 1 .3wt%10wt% 
], strong high junction can be performed by the low melting point, and, moreover, the increase in contact resistance can be 
suppressed. 

[00 1 9] Especially, according to invention according to claim 2, since the composition ratio of mckel is made more than 2.5wt%, 
the stable high bondmg strength can be obtained. Moreover, according to invention according to claim 3, since the composition 
ratio of nickel is made into less than [ more than 2wt%5wt% ], the melting point can be made still lower. Moreover, according to 
invention according to claim 5, since thickness of nickel is made into 500A or more, a bond strength can be made high. 
[0020] Moreover, since the solder layer is considered as physical gaseous-phase membrane formation, while according to 
invention according to claim 6 there is almost no change of the melting point to dispersion in thickness and being able to obtain 
the stable intensity, the stable electrical installation can be obtained and the flash of the solder more than required can be 
abolished further. Moreover, according to invention according to claim 7, since thickness of an Au-Sn alloy is set to 0.3-3 
micrometers, a bond strength can be raised. . 

[002 1 ] The solder laver which contains nickel layer and Sn in the electrode of electnc element is formed, this solder layer is fused 
further, and it is made to join to a pedestal in invention of the junction method according to claim 1 0 to 17. Here, the counter 
diffusion that nickel in nickel layer is spread in a solder layer, and Sn in a solder layer is spread in nickel layer at the time of 
melting of a solder laver arises. Adhesion intensity and wettability can be raised according to this counter diffusion. 
[0022] 

[Hxample[ I lereafter, the example which applied this invention to semiconductor laser is explained. A semiconductor laser 
element grows enitaxiallv on ( raAs or an InP substrate, and prepares each active region during a crvstal Generally an n t\pe 
substrate is used for a substrate. As a material system, a GaAs-AlGaAs system, an InGaAsP-lnP system, an InCiaP-InGaAlP 
svstcm. etc. can be used As the epitaxial growth method, solution layer epitaxial, a molecular beam epitaxy (MBIi:molecular 
beamcpitaxy), organic-metal gaseous-phase epitax\ (MOCVD metal organic chemicalvapaor deposition), etc. can be used. As a 
barrier layer, it can consider as terrorism structure, quantum well structure, etc to double. 

[0023 1 f he perspective diagram of a semiconductor laser clement is shown in drawing 1 On the n-GaAs substrate 1 , the 
laminating of the n-GaAs buffer layer 2. the n-AlGaAs clad layer 3. the barrier laver 4 that consists of AlGaAs/CiaAs multiplex 
quantum well structure, the p-AlGaAs clad laver 5. and the p-CiaAs layer 6 is carried out to order, and the barrier layer 4 - the 
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p-GaAs laver 6 arc formed in the shape of a mesa. Moreo\ er, an msulator la\ er 7 has a window part on the upper surface of the 
n-AlGaAs clad laver 3 and the mesa section, and is formed in it, and p t>pe electrcxie (up electrode) 8 is formed on this msulator 
layer 7. 

[0024] This p t\pe electrode 8 forms membranes in predetermined thickness by electron beam e\ aporation, the spatter, etc., and 
is formed. As a p t\pe elecU-ode 8, although Au-Zn/Au, Cr/Au, Mo/Au, Ti/Pt/Au, etc. can be used, as long as it can take an ohmic 
contact, other materials are sufficient, n type electrode (lower electrode) 9 which consists of Au- germanium is formed in the rear 
face of the n-GaAs subsU-ate 1 , and the cementing material which consists of a nickel layer 1 0 and a solder layer 1 1 is formed in 
the front face of n type electrode 9. 

[0025] The semiconductor laser element constituted as mentioned above is joined to a heat sink, other semiconductor substrates, 
the circuit board, etc. This mounting method is explamed. Two or more semiconductor laser elements shown in drawing 1 are put 
on the heat sink 2 1 shown in drawing 2 , and let them be laminating types. A sign 22 shows this. In this case, the cementing 
matenal of an upper semiconductor laser element is located on p type electrode of a lower semiconductor laser element. 
[0026] The heat sink 21 consists of Cu, Fe, etc., and, as for the front face, the metal with high ******, such as nickel and Au, is 
formed of plating or vacuum evaporationo, the spatter, etc. Alignment of two or more semiconductor laser elements is carried out, 
respectively, and it accumulates on a heat sink 2 ! . At this time, since that as which this serves as the pressurization section at the 
time of heater heatmg tends to take out position precision using a vacuum pincette, conveyance of a chip is desirable. 
[0027] As the semiconductor laser element accumulated on the heat sink 2 1 does not shift, it pressurizes, and it heats so that the 
solder layer 1 1 of each semiconductor laser element may be melted and it may be made to paste up. After becoming the 
temperature mto which solder melts, it is left in the state several minutes from several seconds, and it cools after that, as for the 
heating method, a position gap does not produce a heat sink and the whole semiconductor laser chip - as — ftxing - the whole - 
constant temperature -- although there is the method of heating at a heater etc. from the rear face of the method of heatmg in a 
layer etc., or a heat sink, the ease of the equipment work method to the latter is more desirable 

[0028] In order to take semiconductor laser and elecUic contact to the degree of the above-mentioned die bond, bonding of an up 
electrode and the drive circuit wiring is carried out with the wires 23, such as Au and Pt. Then, can enclosure is performed if 
needed and it considers as the ftnished product of semiconductor laser. Formation of the above-mentioned n type electrode 9, the 
nickel layer 10, and the solder layer 1 1 and junction to a heat sink 21 are explained. The composition of this portion is shown in 
drawing 3 

[0029] In order that n type electrode 9 formed in the rear face of the n-GaAs substrate 1 may form an ohmic electrode, Au-Zn/Au, 
Cr/Au, Ti/Pt/Au, Au-germanium/nickel/Au, Au-Sn/Au, etc. and these alloy cascade screens are used as an electrode material. 
This IS formed in the rear face of the n-GaAs substrate 1 by predetermmed thickness by the electron beam evaporation which is a 
vacuum deposition method, resistance heating vacuum evaporationo, the spatter, etc. 

[0030] Next, the nickel layer 10 is formed on n type electrode 9 by the same method. Then, the alloy which contains Sn, such as 
Au-Sn and Pb-Sn, as a solder layer 1 1 is formed on the nickel layer 10. About the formation method of a solder layer, it mentions 
later. Thus, the solder layer 1 1 containing lO/of produced 9/nickel layers Sn of electrodes is put on the heat sink 21 which gave 
metal plating 2 1 a, such as nickel and Au, pressurization and heating are performed, and a semiconductor laser element is mounted 
on a heat sink 2 1 by fusing the solder layer 1 1 and cooling. 

[003 1 ] Although there are Au-Sn, Au-Si, In, In-Pb, Pb-Sn, Au-Pb, Au-germanium, etc. in solder material, the strong junction of a 
bond strength with sufficient wettability is obtained by soldering by carrymg out the laminating of the solder and nickel containmg 
Sn, such as Au-Sn and Pb-Sn. It is effective when Au-Sn is especially used for solder material. The duty of the nickel layer 10 has 
solder matenal, the role of the barrier electrode from which it is made for an electrode not to start counter diffusion, and the duty 
that is spread in a solder layer and improves the wettability of solder. With a GaAs semiconductor, using Au for the best layer of 
an electrode in many cases, Au is diffiised at low temperature in the solder layer which is activity and will connect and to carry 
out, and the stability of contact becomes bad. For this reason, the bamer electrode is required, and when especially an electrode is 
the alloy of Au and Au, it is effective. 

[0032] At least 200A of thickness of nickel as a barrier electrode is required. Less than [ this ], it becomes an island-like film and 
the duty of a barrier metal is not achieved, nickel thickness dependency of the intensity of the glue line at the lime of having 
formed lOOOA of Au-germanium electrodes to the 0.5mmx0.5min n-GaAs substrate, earn ing out the laminating of the 
nickel/Au-Sn (Au and Sn being the thing of eutectic composition) on it, mounting in drawing 4 , and carrying out a vibration test 
to It is shown. This vibration test is JIS. It carried out on C7022A-10, Conditions D, the vibration frequency range of 10-2000Hz, 
acceleration 20G, direction 3 direction, and the conditions for time 48 minutes. In addition, the thickness of the Au-Sn solder 
laver 1 1 presupposed that it is fixed 1 .5 micrometers. 

[0033] The bond strength is large as the thickness of the nickel layer 10 becomes thick, and there is no difTerence in intensity at 
1 nnoA or rnnr.' of" tViickn'";'; !" ' OOOA or more of thirkness since ;i substrate breaks during an examination, it is thought that 
intensity is more than this. Moreover, peeling arises [ thickness | in 2()0A and sulftcienl bond strength is not obtained. If there are 
500 or more g^•es of bond strengths, there is intcnsitv of enough and it is necessar\- to bear various reliability trials, to accumulate 
and to make nickel thickness into 5()0A or more 

[0034 1 Next, how to form the solder layer 1 1 is explained. It U-icd to carrv out the laminating of the component of alloys, such as 
Au-Sn, and to create it on the occasion of formation of the solder layer 1 1 In this case, the design of a composition ratio can be 
performed freelv and management of vacuum e\ aporationo material is also easy for il. However, when the thickness ot each class 
differs in this, it becomes a composition gap immediatelv. Usually, as for the composition ratio of solder, it is common to use 
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euteclic composition, and the melting point becomes high when a composition gap is caused. Thus, if the melting point changes, 
vou ha\ e to change the conditions of mounting into whenever I the |. If it carries out on the same conditions, even if solder 
material will not melt or it will melt, the stable adhesion intensitv' is no longer obtained after mounting, w ithout fully melting. 
[0035] Then, it examined forming alloys, such as Au-Sn, Pb-Sn, In, In-Pb, Au-Si, and Au-Pb, by the vapor growth as a solder 
laver 1 1 . That is, the solder la\ er 1 1 is formed by the ph\ sical vapor growth which made the above-mentioned alloy the source of 
\ acutim evaporationo. Here, a physical vapor growth calls it Physical Vapor Deposition (PVD), does not use a chemical reaction, 
but IS the methcxl of forming a thin film using a physical change, and has vacuum evaporationo, a spatter, ion plating, etc. If a 
physical vapor grow th is put in another w ay, the material itself formed on a substrate will reach a substrate in the state of a steam 
or a cluster, and a thin film and a bird clapper will be said. On the other hand, as a method using the chemical reaction, there is 
the ChemicalVapor Deposition (CVD) method, this carries out the decomposition reaction of the raw material using energy, such 
as heat, plasma, and light, into a gaseous phase, it becomes a thin fihn using a chemical reaction, and, as for PVD, the principles 
of membrane formation differ. 

[0036] Thus, bv forming the solder lav'cr 1 1 , even if metaphor thickness varies, there is always almost no change of the melting 
pomt, and the above problems were able to be solved. As the membrane formation method by the vapor growth, electron beam 
evaporation, resistance heatmg vacuum evaporationo, a spatter, etc. can be used. Since some raw materials and composition 
ratios shif^ according to the difference of the vapor pressure of an alloy in electron beam evaporation and resistance heating 
vacuum evaporationo among these, it is desirable to use a spatter as the membrane formation method. In addition, since a 
composition ratio is decided by vapor pressure even if there will be no change of a raw material and a composition ratio and it 
will not carrv' out the vacuum evaporationo of all the raw materials, if most raw matenals have been flown altogether when 
electron beam evaporation and resistance heating vacuum evaporationo are used, membranous composition ratios do not differ for 
every batch. 

[0037] Although there was a problem that the upheaval object by superfluous solder might sometimes hide to a luminous layer, 
and served as hmdrance of an optical output m the conventional thing which used the forming pellet as a solder layer As 
mentioned above, by making the solder layer 1 1 into the thin film by gaseous layer growth, the flash of the solder more dian 
required was lost and the strong junction of the adhesion intensity obtained and stabilized of the solder layer of the good 
composition ratio of repeatability was attained. 

[0038] Next, the thickness of the above-mentioned solder layer 1 1 is explained. Although the flash of the solder more than 
required was lost by making a solder layer into the thm film by gaseous layer growth, when carrying out the laminating of Uvo or 
more semiconductor laser elements as mentioned above and solder layer thickness is thick, there is a problem of covering a 
luminous layer by the flash of solder. Moreover, when soldering the electrode of the side near a lummous layer, in [ the case like 
the example 2 of creation mentioned later ], the same problem occurs. On the contrary, when a solder layer is thin, there is a 
problem that adhesion intensity is weak. 

[0039] The solder layer thickness when mounting a 0.5mmx0.5mm semiconductor laser element in the gold-plated copper heat 
sink at drawing 5 and the relation of adhesion mtensity are shown. Adhesion mtensity is so strong that the thickness of a solder 
layer becomes thick, and does not have a strong difference at 1 micrometers or more. By 1 micrometers or more, suice a substrate 
breaks, thickness is considered that there is intensity more than this. If there are 500 or more g\'es of bond strengths, it turns out 
that there is intensity of enough and various reliability tnals can be borne. Therefore, there should just be 3000A or more of 
thickness of a solder layer. 

[0040] Solder layer thickness has the surface roughness and relation of an adhesion side, and used Ra=1000A for this 
measurement this time. Generally, the thickness of a solder layer was understood that it needs to be thicker than surface roughness 
and about 3 times [ of surface roughness ] thickness is more nearly required than this result. The surface roughness 
Ra=500-2500A thing of the adhesion side of the stem used for mounting is used. Since, as for the surface roughness of a stem, the 
1 OOOA thing is usuallv used, solder layer thickness is at least 3000A or more need, and its 5000A or more is desirably good. 
[0041] although the thickness of a solder layer has so strong that it becomes thick adhesion intensity, if it becomes thick, a solder 
layer will be seen and a broth will pose a problem When more than one are mounted especially, the flash of a solder layer will 
cover a luminous layer. Furthermore, if thickness becomes thick, membrane formation time will also become long, and problems, 
like the amount of vacuum evaporationo material also increases arise. By Atsushi whose solder layer is 1 micrometer, although 
there is almost nothing, the flash of a solder layer will be protruded in addition to the rear face of a chip, if it becomes the 
thickness beyond it When solder layer thickness was made larger than 3 micrometers, solder was attached to the luminescence 
side side, and in 4 micrometers or more, lime generated the luminous layer with the wrap. Therefore, the thickness of a solder 
laver has good 3 micrometers or less. 

[00421 Therefore, strong junction of adhesion intensity is attained by setting thickness of the solder layer 1 1 to 0.3-3 micrometers. 

int^H withfxit tht* solder ot the laminatinc 

section covering a luminous layer, when earn ing out the laminating of tw o or more semiconductor laser. I'hc example of creation 
of the semiconductor device using the above-mentioned solder layer 1 1 is show n 

(l:xamplc 1 of creation) I'hc CiaAs/AlClaAs system semiconductor laser element was prcxiuccd on the n-OaAs substrate, and it 
soldered on the copper heat sink w hich gold-plated the n tvpe electrode side. At this time, the thrce-picce laminating of the 
semiconductor laser clement was carried out. lOOOA of AuHHw1%-C;eutl 2% was formed as an n t>pe eleclrcxle, and 1 OOOA and 
1 micrometer of Au-Sn solder were prepared for nickel on it At this time, Au-germanium/nickel formed membranes using liB 
\ acuum c\ aporaliono. and the solder layer formed membranes by the spatter Size of a semiconductor laser element was set to 
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500\600\ 1 1 0 micrometers. This element was placed in piles on | three ] the copper heat sink which gold-plated, and it mounted 
by the heating temperature of 340 degrees C, and 60g of pressurization loads. The mounted element does not have the Hash of a 
solder la>er. either and solder did not co\ er a luminous la%er. In this element, w hen three directions were performed for the 
\ anable frequencv of 10-2000Hz, 20 G/sec2, and 48 minutes, it was changeless m any way examination before. When the bond 
sU-ength of this element was measured with the SI HE A circuit tester, the intensity of 1 or more kg^■es was obtained 
(Hxample 2 of creation) The InGal^-InGaAlP system semiconductor laser element was produced on the n-GaAs substrate, and it 
soldered on the copper heat sink which gold-plated the p type elecU-ode side. Til 000 A, Pt2000A, and Au3000A were formed as a 
p ty-pc elecU-ode, respectivelv, and 800A and 0.8 micrometers of Au-Sn solder were prepared for nickel on it. I: B. vacuum 
evaporationo was used for membrane formation at this Ume. Size of a semiconductor laser element was set to 600x700x1 10 
micrometers. Although p type electrode was soldered, the good optical output u as obtained without a solder layer covering a 
barrier layer. Furthermore, adhesion intensity also acquired the value of 1 or more kg\ es, and the stable contact was obtained. 
(Example 3 of creation) The GaAs field-effect transistor element was produced on the half-insulation GaAs subsU-ate, and it 
soldered to the pnnted circuit board which gold-plated. 2 micrometers of Au-Sn solder were prepared in the substrate rear face. 
At this time, membranes were formed by the spatter. Element size is 500x600x1 80 micrometers. This element was mounted by 
the heating temperature of 360 degrees C, and lOOg of pressurization loads. When the bond strength of this element was 
measured with the SHIEA cu-cuit tester, the intensity of 1 or more kg\ es was obtained. 

[0043] Next, the cementmg matenal usmg solder is explamed. Although it is eflfective to enlarge the set pomts, such as virtual 
junction temperature, a pressurization pressure at the time of junction, and pressurization time, in order to raise wettability or a 
bonding strength when joining a semiconductor laser element which was mentioned above to a heat sink, since As m GaAs used 
as a material of a semiconductor laser element has low sublimation temperature, a high virtual junction temperature uicreases the 
heat damage done to an element. Moreover, the mechamcal damage which also gives a high pressurization pressure and long 
pressurization time to a luminous layer is increased. 

[0044] Therefore, injunction of a semiconductor laser element, it is necessary to select the cementmg material which makes 
virtual junction temperature low and mitigates the heat damage to a semiconductor laser element, this invention person etc. found 
out that the melting point lower than an Au80wt%-Sn20wt% pellet was acquued, when it considered as the laminated structure of 
mckel/(Au80wt%-Sn20wt%), usmg Au-Sn system solder as a solder layer 1 1 , as a result of examining many things for the 
above-mentioned point, nickel diffuses this m an Au-Sn layer, and depends it on making a Au-Sn-nickel alloy. 
[0045] Based on this, nickel thickness was changed, nickel concenU-ation which carries out thermal diffusion to 
Au80wt%-Sn20wl% Naka was changed, and the state diagram was created. The result is shown in drawing 6 In this drawmg, L 
and S show the liquid phase and solid phase, respectively, and alpha and beta show the solid solution of Au-Sn-nickel, 
respectively. Therefore, it expresses that (L+alpha) and (L+beta) are the mixed state of the liquid phase and solid phase, 
respectively. The thickness of mckel when setting Au80wt%-Sn20vvt% thickness to 1 .5 micrometers in 
nickel/(Au80wt%-Sn20wt%) layer structure is showTi in an upper horizontal axis. 

[0046] From this state diagram, a (Au80wt%-Sn20wt%)-nickel alloy becomes lower than the melting point of an 
Au80wt%-Sn20wt% pellet, when the amount of nickel increases, and when the composition ratio (weight ratio of nickel to the 
total weight of a cementing material) of mckel is made mto 1 .3wt(s)%, about 10 degrees C of melting pomts become low. 
Furthermore, the amount of nickel is increased, when it considers as about 3wt%, the melting point becomes low most, and 
compared with an Au80w1%-Sn20wt% pellet, it falls by 25 degrees C or more. Therefore, virtual junction temperature can be 
reduced by 25 degrees C or more to having joined by the melting point of a conventional Au80vvl%-Sn20wt% pellet, and the heat 
damage to an element can be reduced. 

[0047] in addition - what [ not only ] nickel diffused the above-mentioned effect and the effect mentioned later in the Au-Sn 
layer, it depends on makmg a Au-Sn-nickel alloy, and was made mto the laminated structure of nickel/(Au80wt%-Sn20wt%) but 
a (Au80w1%-Sn20wt%)-nickel alloy layer - also carrying out - it can obtain similarly The composition ratio of nickel of 
Au80w1%-Sn20wt% Naka and the relation of a bonding strength are shown in drawing 7 This drawing shows being saturated 
with composition beyond 2.5vM%, although it becomes strong as the composition ratio of a bondmg strength of nickel increases. 
In the experiment, it is checked that intensity is measured to 9.5v\1% and there is sufficient intensity. 
[0048] although nickel composition ratio exfoliates in respect of adhesion of a heat sink and solder with the 0.7\v1(s)% 
conventional structure in a bonding-strength examination - nickel composition ratio - by the plane of composition, it does not 
exfoliate but the element section joined is destroyed more than at 1 .3w1% Since it turns out that sufficiently \ arious kinds of 
reliability trials can be borne if a bonding sU-ength is 500 or more gves, the bonding sUength stabilized when nickel composition 
ratio was more than 1 .3\\1% is obtained. 

[0049] In addition, in drawing 7 , a 50g pressurization load is added, in the case of beyond 2.5v\-t%, it does not pressurize, and 

ofcasc joins onh' b' the '^.-H-w.^iobt nf.qn element nickel composition ratio 1.3\\l(s)%. Therefore, bonding stren(ith onlv 
with the sulTicient self- weight of an element can be obtained by making nickel composition ratio more than 2 5\\1%. From these 
results, the melting point of solder falls, a bonding strength is still stronger and by adding nickel to AuH0\\l%-Sn20\M% Naka 
shows a bird clapper The composition ratio of nickel is gocxl, and if it takes wettability and a bonding strength into consideration, 
more than its 1 3\U% is desirable. | lut% to 10u-t(s)% to which the melting point falls by 10 degrees C or more of | the 
composition ratio of nickel since the lowest melting point is acquired and the composition after solder solidification is kept 
uniform in the long run - 3\\1(s)% in a 3 vuan svstem - especialh' 2ut(s)% to 5u1(s)% of order is desirable 
10050] In addition, if the composition ratio of nickel becomes 10% or more when nickel composition ratio is made to increase bv 
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thickening nickel thickness on Au-germanium, the intermetalhc compound of Sn-mckel is generated, and since the inlermetaUic 
compound is an insulator, the resistance of a joint w ill become high. Therefore, if the increase in resistance of a joint is taken into 
consideration, it is desirable to make the composition ratio of nickel into less than 10%. 

[005 1 ] Thus, a cementing matenal is the solder material which contains nickel of a constant rate in an Au-Sn eutectic solder, and 
when a plinth front face was Au laver, it came to be able to do by stabilizing the sU-ong junction of a bond strength with sufficient 
wettability-, when joining a semiconductor laser element to a plinth etc In addition, also in the thing of the laminated structure of 
abo\ e-mentioned nickel/(Au80\\l%-Sn20\M%), it is desirable to make thickness of nickel into 500 A or more, as mentioned 
above, and to set thickness of an Au-Sn alloy solder layer to 0.3-3 micrometers. 
[0052] The example of creation using the above-mentioned cementing matenal is explained. 

(Example 4 of creation) The GaAs/AlGaAs system semiconductor laser element was produced on the n-GaAs substrate, and it 
soldered on the copper heat smk which gold-plated the n type electrode side. 0. 1 micrometers was formed for 
Au88w1%-germaniuml 2% as an n type electrode, and 0. 1 micrometers and 1 ,5 micrometers of Au-Sn solder were prepared for 
nickel on it. At this time, (Au-germamum)/nickel formed membranes using E.B. \ acuum evaporationo, and the solder layer 
formed membranes by the spatter. Size of a semiconductor laser element was set to 500x600x1 10 micrometers. This element was 
placed on the copper heat sink which gold-plated, and it mounted, without adding the heating temperature of 340 degrees C, and a 
pressurization load. In this element, when the vibration test of three directions was performed for variable frequency [ of 
10-2000HZ ], and 20 G or 48 minutes, it was changeless m any way exammation before. When the bonding strength of this 
element was measured by the circuit tester, the intensit\' of about 1kg was obtained. The composition ratio of the cementing 
matenal at this time was Au77.3wt%-Snl9.3wt%-nickel3.4wt%. 

(Example 5 of creation) The LiGaP-InGaAlP system semiconductor laser element w as produced on the n-GaAs substrate, and it 
soldered on the copper heat sink which gold-plated the p type electrode side. As a p t\pe electrode, 0. 1 micrometers was formed 
for Ti, 0.2 micrometers and 0.3 micrometers of Au(s) were formed for Pt, and 0. 1 micrometers and 1 .0 micrometers of Au-Sn 
solder were prepared for nickel on it. E.B. vacuum evaporationo was used for membrane formation at this time. Size of a 
semiconductor laser element was set to 600x700x1 10 micrometers. Although p type electrode was soldered by the heating 
temperature of 340 degrees C, and 30g of pressurization loads, the good optical output was obtained without a solder layer 
covering a barrier layer. Furthermore, the bonding strength also acquired the value of 1 or more kg\'es, and the stable contact was 
obtained. The composition ratio of the cementing material at this time was Au76wt%-Snl9wt%-nickel5wt%. 
(Example 6 of creation) n type electrode side of a top semiconductor laser element was soldered to the upper surface by the side 
of p type electrode of a semiconductor laser element, and it considered as the laminated structure. As a p type electrode, 0.04 
micrometers and Pt layer were formed for Cr, and 0.5 micrometers was formed for 0. 1 micrometers and Au layer. 0. 1 
micrometers of Au88w1%-Gewt 1 2% were formed as an n type elecU-ode, and 0 . 1 micrometers and 1 . 5 micrometers of Au-Sn 
solder were prepared for nickel on it. At this time, (Au-germanium)/nickel formed membranes usmg E.B. vacuum evaporationo, 
and the solder layer formed membranes by the spatter. Size of a semiconductor laser element was set to 600x700x1 10 
micrometers, n type electrode was soldered on p type electrode by the heating temperature of 340 degrees C, and 30g of 
pressurization loads. When the bond strength was measured with the SHIEA circuit tester, the intensity of 500 or more kg\'es was 
obtamed. At this time, the solder layer obtained the good optical output [ be / nothing ], alias a wxap, for the barrier layer. 
Moreover, the output was able to be increased by makmg a semiconductor laser element into a laminated structure. The 
composition ratio of the cementing material at this time was Au77.3w1:%-Snl9.3wt%-nickeI3.4wt%. 
[0053] Although the heat sink which plated Au, nickel, etc. as a plinth was shown, you may make it solder a semiconductor 
device for plinths, such as Fe and Cu, m the above-mentioned various examples. Moreover, although the thing for a 
semiconductor laser element was explained as a semiconductor device, this invention is applicable also to other semiconductor 
devices. In this case, it is applicable also to what uses a short key electrode in addition to an ohmic electrode. As a matenal of this 
short key electrode, it can consider as aluminum, Pt, Au, Ta, Cr, W, Mo, Ti, Cu, Ag, and Ai-Si. 

[0054] Moreover, this invention is applicable also to electric element, such as a chip resistor and a chip capacitor, m addition to a 
semiconductor device. Next, other above-mentioned examples of application of a Au-Sn-nickel cementing matenal are explained. 

(Example 7 of creation) When the drive IC 30 of a liquid crv stal display or electroluminescence (henceforth EL) display is 
mounted on a glass substrate 3 1 and it connects with a conductor (electrode) 32, there is a thing of composition of being shown in 
(a) shown m drawing 8 , (b), and (c). That for which (a) used the mounting pad 33 and the wire 34, the thing for which (b) used 
the bump 36, and (c) use the beam lead 37. the above-mentioned Au-Sn-nickel cementmg matenal - in (a), it is used for the 
cementing material of the mounting section 35 and the mounting pad 33 as the beam lead 37 as a bump 36 by (b) at (c) 
[0055] I Icreaftcr, the example which mounts dnve IC 30 in an EL panel using the composition of (a) is explained. In order to 
nt-fvHiir.' nn I'l nqn<-l first on the pinss substrate 3 I as a transparent electrode. 0. 1 micrometers was formed and I TO was 
processed on the stripe Next, 1 micrometer of CaS:i ;u was formed by the 1-;.B \ acuum deposition as a luminous layer. Next, it is 
Si()2 as an insulating layer. 0 3 micrometers w as fonned by RF and P-CVD, subsequently 0. 15 micrometers of aluminum were 
formed as a back plate 32, and patterning was performed to the predetermined pattern. Next, as the mounting pad 33 and an 
ejection pad of winng, 0. 1 micrometers of nickel were formed first, subsequently 0 5 micrometers of Au(s) were formed, and 
patterning was performed Membrane formation w as performed h\ the spatter. Finallv, the glass subsu-ale 3 1 w as joined by the 
epow resin, the silicone oil w as enclosed, the protective layer was formed, and it considered as the lil, panel. 
[0056] Subsequently, in order to join dn\-e IC 30 to a glass subsu-ate 3 1,02 micrometers of nickel w ere formed at the rear face of 
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drive IC 30, and, subsequcnllv (Au80\\t%-Sn20\M%), 2 micrometers formed membranes at it. All performed membrane 
formation bv the spatter. This was joined to the mounting pad 35 in 350 degrees C and 80g of pressurization loads. On the other 
hand, the ejection pad of HL panel wiring and the ejection pad of drive IC 30 were wired using the Au wire 34 Thus, the drive IC 
30 was mounted bv the bonding strength stabilized on the glass substrate 3 1 . The composition ratio of the cementing material at 
this time was Au76\U%-Snl 9ut%-nickel5\\t%. 

(Example 8 of creation) To drawing 9 , it is SiNX The example which joined the Si substrate 42 and the GaAs/AlGaAs system 
semiconductor laser element 40 which prepared the optical wa\ eguide using the bump 44 is shown. The 

(Au78\\1%-Snl9.5\\1%)-nickel2.5\\1% cementing material was used as a bump 44, four things of 40 micrometers of diameters of 
a bump were used, and the semiconductor laser element 40 was mounted m the Si substrate 42. The bump 44 formed on the Au 
pad 43 on the Si substrate 42. Thickness could be 0. 1 micrometers, 0.02 micrometers, and 0.4 micrometers at the rear-face 
electrode 41 of the semiconductor laser element 40 using (Au-germanium)/nickel/Au, respectively, the semiconductor laser 
element 40 -- a bump 44 -- puttmg - the substrate whole -- 360-degree C constant temperature -- it joined by performing a 
reflow in a layer Thus, the semiconductor laser element 40 was mounted on the Si substrate 42. 



[Translation done.] 
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